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The emergence of the COVID-19 pandemic, a new and novel risk factor, leads to the stock price
crash due to the investors’ rapid and synchronous sell-off. However, within a short period, the
quality sectors start recovering from the bottom. A stock price model has been developed during
such crises based on the net-fund-flow (Ψt) due to institutional investors, and financial antifragility
(φ) of a company. We assume that during the crash, the stock price fall is independent of the φ.
We study the effects of shock lengths and φ on the stock price during the crises period using the
Ψt obtained from synthetic and real fund flow data. We observed that the possibility of recovery
of stock with φ > 0, termed as quality stock, decreases with an increase in shock-length beyond a
specific period. A quality stock with higher φ shows V-shape recovery and outperform others. The
shock length and recovery period of quality stock are almost equal that is seen in the Indian market.
Financially stressed stocks, i.e., the stocks with φ < 0, show L-shape recovery during the pandemic.
The stock data and model analysis shows that the investors, in the uncertainty like COVID-19,
invest in the quality stocks to restructure their portfolio to reduce the risk. The study may help the
investors to make the right investment decision during a crisis.
I. INTRODUCTION
The impact of a pandemic on the environment, econ-
omy, employment, stock market and many other sectors
is severe [1–4]. A number of pandemics, which hap-
pened in 1918 − 1919, 1957 − 1958 and 1968, affected
the economy and stock markets worldwide badly [5–7].
The pandemic’s effect, the coronavirus disease (COVID-
19), maybe more severe on the economy and stock mar-
ket, including many other sectors, due to its contagion
nature [7–9]. The COVID-19 leads to a worldwide stock
market crash in February and March 2020, created havoc
among the investors [10–12]. When economic activities
throughout the world were plummeting, surprisingly, in
the stock market, the world witnessed the opposite phe-
nomena; the speedy recovery of some stocks and sectors
from the crash [10]. These phenomena were also observed
during market crashes in 1953−54, 2009 [13]. The study
of market crash dynamics and early recovery of the stocks
during the crisis is fascinating.
The stocks with strong fundamentals and positive out-
look, which are termed as quality stocks, always show
strength, universality and persistence in returns [14–16].
The sustainability and resilience of a quality stock de-
pend on its long-term growth prospect and financial abil-
ity to fulfill shareholder’s demand [17, 18]. During crises,
the unprecedented economic uncertainty forced the in-
vestors towards the quality stocks that may be better able
to withstand a downturn, and hence the significant por-
tion of the market capital gets reallocated to these sec-
tors, which in turn pushes the price up [19]. The sectors
like pharma, healthcare, food, software and technology
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showed the quality of withstanding the downturn and re-
covered quickly from the sharp fall. Whereas sectors like
petroleum, real estate, entertainment, hospitality yet to
recover [10]. During the crisis, stock markets fall sharply
because of panic sell, and recovers some sectors depend-
ing on the fundamental determinants and positive out-
look. The market funds also get invested in these sectors,
depending on the fundamental determinants.
The quality of a company can be quantified by the fun-
damental determinants such as profit over the assets, re-
turn on assets, operating cash-flows to total assets, gross
margin, sale growth and some other fundamental deter-
minants that assess the reliabilities of profits, low debt
and other measures of sustainable earnings [14–16]. In-
vestors look for such quality stocks even at a high pre-
mium in anticipation of higher returns [14]. The survival
and growth of these quality stocks during pandemic de-
pend on the financial antifragility of the company. Finan-
cial antifragility is the property that shows the ability of
a company to survive from a financial crisis and performs
strongly after that, and it mainly depends on the finan-
cial liquidity position to mitigate the liabilities [20, 21].
The stocks with positive antifragility recover very quickly
from uncertain shock and survive and sustain for an ex-
tended period [20–22].
The fund-flow in the market is primarily determined
by the foreign institutional investors (FII) and domestic
institutional investors (DII). The purchase/sell activity
by the FII and DII also influence the retail investors [23].
Hence, the net fund-flow by the FII and DII drives the
stock price [24–27]. Infusion of a large amount of fund to
a particular sector leads to an increase in the stock price
or vice versa, i.e., the price movement is strongly corre-
lated with the net fund flow due to FII and DII [27–29].
Generally, during a crisis, the FII and DII look for stocks
with robust financial antifragility, and hence these stocks
2bounce back strongly [19]. Hence modeling and analyz-
ing stock prices in terms of net fund flow and antifragility
are essential to understanding the market dynamics.
Several models describe the stock price movement us-
ing various parameters such as return and dividend [30–
32]. The efficient market hypothesis (EMH) states that
the future price does not depend on the past behavior
of data [33]. Contrary to the EMH hypothesis, some
other models show that the stock price is partially pre-
dictable [34]. However, the stock price prediction remains
a challenging task due to the stock market’s complex na-
ture [35]. Recently, a model of V and L shape recovery of
the economy is proposed in Ref [36, 37] depending on the
fragility of the individual firms, where the fragility was
taken as a ration between negative cash balance to the
wages. So far, no one has modeled and analyzed stock
prices in terms of antifragility and fund flow. Further, we
have analyzed the stocks in terms of the time scales of the
shock and recovery to identify the quality stocks [38, 39].
This study may help the investors to design the short-
term and long-term investment strategy.
The main aim of this paper is to develop a model, and
to simulate stock price movement during the COVID-
19 shock and subsequent recovery as a function of nor-
malized net fund flow (Ψt) due to institutional investors
and the antifragility parameter of a stock. Model simu-
lation has been carried out for two different sets of Ψt:
(a) Ψt obtained from the real fund flow in the market,
and (b) artificially generated Ψt using the distribution of
net cash flow. Simulation with real fund flow reproduces
the price movement of the quality stocks and financially
stressed stocks during the COVID-19 shock that mimics
the actual stock price. The model simulation with arti-
ficial data shows the effect of various shock-lengths and
antifragility parameters. We obtained the time scales
of shock and recovery using EMD based Hilbert Huang
transformation of the quality stocks.
The rest of the paper is organized as follows: Sec. II
describes the formulation of the model. Sec. III discusses
the analysis of the simulated results and original stock
price. Finally, we have concluded the results in Sec. IV.
II. MODEL FORMULATION
A model has been developed for the stock price dynam-
ics of a stock/sector index during the shock and recovery
period. The time steps of the model are discrete with a
step of one day. The model’s basic assumptions are that
the stock price depends on (a) the net fund flow due to
FII and DII, and (b) financial antifragility of the com-
pany. The basis of the first assumptions is motivated by
the finding of the daily stock return is positively corre-
lated with the net fund flow [27–29]. The retail investors
also flock towards the sector in which FII and DII invest
more. Sometimes the price goes up or down with lag
to net fund flow because of information delay [27, 40].
Hence, the overall market moves with net fund flow due
to institutional investors.
During shock, the market falls due to negative senti-
ment among the investors, leading to a huge outflow of
capital from the market. As the pessimism dies down, the
investors again come to the market and invest in those
companies with strong fundamentals and positive growth
prospects. Hence, the fund inflow happens to the com-
pany with positive antifragility [41, 42]. The model with
the variables normalized-net-fund-flow and antifragility
can capture price dynamics very well during shock and
recovery.
Let us first define the main ingredients of the model.
The variable used in the model is the net fund flow, which
can be calculated as follows. The cash purchase (in-
flow) or sell (outflow) by the FII is denoted as D+
FII
or D−
FII
, respectively. Hence, the net cash purchase by
the FII is DFII = D
+
FII
−D−
FII
. Similarly, the cash pur-
chase (inflow) or sell (outflow) by the DII is denoted as
D+
DII
or D−
DII
, respectively. Hence, the net cash pur-
chase by the DII is DDII = D
+
DII
− D−
DII
. So (the
net fund flow due to DII) the net cash purchase is de-
fined as DDII = D
+
DII
−D−
DII
. Finally, we obtained ∆Dt
due to the purchase or sale by institutional investors is
∆Dt = DFII +DDII . Finally, we obtained normalized-
net-fund-flow,
Ψt =
∆Dt
max(abs(∆Dt))
(1)
Ψt is the variable that is used to update the stock price.
The second ingredient of the model is the antifragility
parameter (φ), which is estimated as follows: The re-
covery of a company after a shock mainly depends on
current asset consumed to fulfill the current liabilities of
the company. The asset that is used, sold, consumed or
exhausted during a normal operating cycle is called the
current assets of a company. The current assets can easily
cover day-to-day financial operations and ongoing oper-
ating expenses; hence, it becomes a key component for a
company’s survival or death. The current assets of the
ith company, χi, is defined as χi = η1i + η2i + η3i + η4i,
where η1i, η2i, η3i and η4i are the current inventories,
trade receivables, cash and cash equivalents and other
current assets, respectively. Current liabilities are the
obligations of a company that consists of short term debt
and other similar debts that will be due within a normal
operating cycle. Therefore, we define current liabilities
of the ith company as ζi = γ1i + γ2i + γ3i, where γ1i,
γ2i and γ3i are the current debt, trade payable and other
current liabilities respectively. Hence, the liquidity bal-
ance of the company is defined as χi−ζi.We characterize
the financial antifragility (φ) of the ith company through
liquidity-to-expense ratio
φi =
χi − ζi
ξi
(2)
Where ξi is the operating expenses of a company, and
is expressed as ξi = ϑ1i + ϑ2i + ϑ3i + ϑ4i, where ϑ1i,
3ϑ2i, ϑ3i, and ϑ4i are the employment cost, financial cost,
maintenance and operating cost and other financial cost
respectively. The φ for a sector can be written as
φ =
∑N
1
φi
N
(3)
Where N is number of company in any sector’s index.
φ acts as the control parameter of the price movement.
The value of φ > 0 for a quality stock , and φ < 0 for
a financially stressed stock. It is important to mention
that during shock, market nose dives due to massive sell-
off by the investors, and hence the price movement is
independent of φ.
Our model updates the stock price as a function of Ψt
using the parameter φ as follows
Pt+1 = Pt{1 + λΨt)}, During shock (4)
Pt+1 = Pt{1 + λΨtφ}, Otherwise (5)
Where, λ is the coefficient of Ψt that represents the
proportion of the net fund by the institutional investors
that flows in a particular company/sector. The value of
λ varies from stock to stock. In the case of the Indian
stock market, the value of λ can be guessed from the
normalized fund flow due to the mutual fund and FPI
that has been shown ed in Fig. 1 [Subsec. II B]. Typically
the value of λ is in the range of 0 ≤ λ ≤ 1.
To understand the effect of a shock on stock price, and
its subsequent recovery, the model [Eqn 4 and 5] has been
simulated for two different cases- (a) COVID-like shock
and (b) COVID-19 shock.
A. COVID-like shock
Study of the effect of the COVID-like shock on the
stock prices in terms of various shock lengths (TS) and
different φ is very important to understand the market
crash and subsequent recovery. We have generated syn-
thetic normalized fund flow (Ψst) data from the distribu-
tion of Ψt [Eqn. 1] during the normal, shock and recov-
ery period. The distribution of Ψt for the normal, shock
and recovery periods are N (0, 0.17), N (−0.2, 0.49) and
N (0.06, 0.22), respectively, and accordingly Ψst is gener-
ated. As the distribution of the Ψt is derived from real
data, the Ψst mimics the real situation. In this model
simulation, the recovery time period (TR) is taken equal
to TS , and the justification is given in detail in Sub-
sec. III C. The value of λ = 0.3, 0.2, 0.5, 0.3 during
pre-covid normal period, shock period, recovery period
and post recovery period, respectively. The reason for
choosing different values of λ during different periods is
discussed in Sec.II B.
To understand the V-shape recovery of a quality stock,
the model simulation is carried out for the fixed φ = 0.4
with TS = 20 day (D), 40 D, 60 D, and 80 D, respec-
tively, and for the fixed TS = 20 D with φ = 0.3, 0.4, 0.5
and 0.6. The value of φ and TS chosen in these simu-
lations is motivated by the original stock price. Simi-
larly, for the L-shape recovery of the financially stressed
company, simulation is carried for the φ = −0.08 with
TS = 20 D, 40 D, 60 D, and 80 D, respectively, and
for the TS = 20 D with φ = −0.05, − 0.15, − 0.25
and −0.35. In this case, the value of φ and TS are cho-
sen on the basis of the original stock price. The detailed
simulation result is given in Sec. III.
B. COVID-19 shock
The model simulation has been carried out for the
stock price during the COVID-19 using the Ψt and φ
for the Indian market. The Ψt has been calculated from
real net fund flow in the market due to FII and DII using
Eqn. 1. The fund flow data has been obtained from the
money control website [43]. The current financial status
of a company, φ, is estimated using Eqn. 2. The value of
φ for a sector has been calculated using Eqn. 3. The cur-
rent assets, current liabilities and expenses of a company
have been derived from its financial statements, which are
obtained from Bombay Stock Exchange Ltd (BSE) [44].
The coefficient λ for a particular stock depends on the
ratio of fund flow to total fund flow in the market. In
the present case, the value of λ is taken in adhoc man-
ner that can be guessed from the fund flow to a sector
due to the institutional investors. Fig. 1(a) shows the
normalized monthly fund flow due to mutual fund in-
vestors (MFI) in Pharma & Biotechnology (− ∗ −PH),
Fast Moving Consumers good(−∇−FMCG) and Hotel
Restaurant and tourism(− ⋄ −HRT). The above sector
data has been obtained from the Securities and Exchange
Board of India (SEBI) [45]. The Fig. 1(b) shows the
normalized fortnightly fund flow due to foreign portfolio
investors (FPI) in Pharma & Biotechnology (− ∗ −PH),
Fast Moving Consumers good(−∇−FMCG) and Hotel
Restaurant and tourism(− ⋄ −HRT), and the data has
been obtained from National Securities Depository Ltd.,
India (NSDL) [46]. The figure shows that the fund flow
during shock decreased significantly, and during the re-
covery phase, fund flow in the pharma and FMCG sec-
tors increased significantly. On the other hand, in the
Hotel Restaurant and tourism sector, fund flow remains
almost constant after a drastic drop. Considering the
above information, for the quality stock, we have taken
λ = 0.6, 0.2, 0.8, 0.7 during the pre-COVID normal
period, shock period, recovery period and post-recovery
period, respectively, and for a financially stressed stock,
λ = 0.6, 0.9, 0.8, 0.7 during the above four periods. The
detailed simulation result is given in Sec. III.
III. RESULTS AND DISCUSSION
This section aims to present the simulation results of
the effect of the TS and φ on the V- and L-shape recovery
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FIG. 1. Plot (a) shows the monthly data of the normalized
fund flow due to mutual fund in Pharma (−∗−PH), FMCG
(−∇−FMCG) and Hotel and Tourism (−⋄−HRT ) sectors.
Plot (b) shows the fortnightly data of the normalized fund
flow due to FPI in Pharma (−∗−PH), FMCG (−∇−FMCG)
and Hotel and Tourism (− ⋄ −HRT ) sectors.
of the stock price. The analysis of the original price and
the simulated price has also been carried out to identify
the shock and recovery time scales of the stock price.
A. Simulation of COVID-like shock
Fig. 2(a) shows the typical plot of V-shape recovery of
a quality stock using Ψst for different TS with φ = 0.4.
As the typical value of φ for a quality sector is around
0.4. The plot −, −−, · · · , and − ·− show the stock price
movement for the TS = 20 D, 40 D, 60 D, and 80 D, re-
spectively. The results show that the quality stock recov-
ers very well to its pre-shock price for the TS = 20D and
40 D. However, when the shock extended beyond 60 D, it
becomes difficult to recover because of the stock price’s
serious crash. It implies that the extended period of TS is
harmful even for the financially strong company. During
such kind of extended shock, the investor stays away from
investment in the market, which is sometimes termed by
the investors "Do not catch a falling knife" [47].
Fig. 2(b) shows the typical plot of V-shape recovery of
quality stocks for different φ with TS = 20D. The typical
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FIG. 2. Plot (a) shows the V-shape recovery using the syn-
thetic data for fixed φ = 0.4 with TS = 10 D, 20 D, 30 D
and 40 D. Plot (b) shows the V-shape recovery using synthetic
data for fixed TS = 20 with φ = 0.3, 0.4, 0.5 and 0.6. D and
φ represent day and financial antifragility.
value of TS was 20 D during the COVID-19 for a quality
sector. The plot −, −−, · · · , and − · − show the stock
price movement for the φ = 0.3, 0.4, 0.5 and 0.6, respec-
tively. The higher the value of φ, the recovery is rapid.
The results show that the quality stock recovers very well
for positive φ. Further, the quality stocks with higher φ
outperform its peer. Hence, the financially strong com-
pany recover from the shock and outperform compared to
another company observed during the COVID-19 [41, 42].
During crises, the investors invest heavily in such com-
panies, and hence generates higher return [48].
Fig. 3(a) shows the typical plot of L-shape recovery of a
financially stressed stock for different TS with φ = −0.08.
Typical value of φ for this sector is around −0.08. The
plot −, −−, · · · , and −·− show the stock price movement
for the TS = 20 D, 40 D, 60 D, and 80 D respectively.
The simulation results show that the financially stressed
stock does not recover. As the value of TS increases,
the negative depth of stock price also increases. So, a
financially stressed company cannot survive the extended
TS , and have a big chance to die down. The investors
become very bearish on these company, and sell-off their
positions, and hence the chance of the recovery of the
stock price also becomes marginal.
Fig. 3(b) also shows the typical plot of the L-shape
behavior of a financially fragile stock for different φ with
TS = 20D. The plot −, −−, · · · , and −·− show the stock
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FIG. 3. Plot (a) shows the L-shape recovery using the syn-
thetic data for fixed φ = −0.08 with TS = 10 D, 20 D, 30 D
and 40 D. Plot (b) shows the L-shape recovery using the syn-
thetic data for fixed TS = 20 with φ = −0.05, −0.15, −0.25
and -0.35. D and φ represent day and financial antifragility.
price movement for the φ = −0.05, − 0.15, − 0.25 and
−0.35, respectively. The company with negative φ con-
tinues to slide down even during the recovery phase of the
overall market. The lower the φ, the slide in stock price is
rapid. So, a company with a lower φ has a big chance to
die down. As the investors stay away from these compa-
nies, the chance of the stock price recovery also becomes
marginal as mentioned in the previous paragraph.
B. COVID-19 shock
Fig. 4(a) and 4(b) show the simulation result (−−)
of the model using the normalized fund flow Ψt given
in Eqn 1, and − represents stock price of the Pharma
and FMCG index in Indian market during the COVID-
19 shock. The simulation results of Pharma and FMCG
sectors show that the fall of the stock price due to the
COVID-19 shock starts from 1st week of March 2020, and
forms a bottom on 4th week of April 2020, as shown in
Fig. 4(a) and 4(b), respectively. The model simulation
shows a V-shape recovery in the stock price consistent
with the original stock price during the shock, as shown
in the same figure. We observed a lag in the formation of
the bottom between the model simulation data (SD) and
original data (OD). Original stock price recovers earlier
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FIG. 4. Plot (a) represents the original stock price movement
of Nifty Pharma (−OD) and its corresponding model sim-
ulated stock price movement (− − SD) with φ = 0.41 and
TS = 20 D. Plot (b) represents the original stock price move-
ment of Nifty FMCG (−OD) and its corresponding model
simulated stock price movement (−−SD) with φ = 0.21 and
TS = 20 D
than the model. The possible reason for such lag may be
due to the fund allocation in the quality sectors by the
investors internally, which was not reflected in the fund
flow.
We have observed V-shape recovery for all the stocks
with φ > 0. However, for certain sectors which is directly
related to the economy like banking and auto sectors with
φ > 0 are yet to recover due to negative sentiment. To
model such stocks, we may need more parameter to cap-
ture the sentiment that may be studied in future.
Fig. 5(a) and 5(b) show the simulation result for the
stock price that show L-shape recovery in Indian market
during COVID-19 shock. The simulation for TATA Mo-
tors and BPCL show that the fall of the stock price due
to the COVID-19 shock starts from 1st week of March
2020, and forms a bottom on 4th week of March 2020 as
shown in Fig. 5(a) and 5(b), respectively. We observed
that the stock with φ < 0 does not recover from the bot-
tom, i.e., the behavior of the price is L-shape, as shown
in the same figure. The main reasons for the poor allo-
cation of the fund, as shown in Fig. 1 in these stressed
stocks, are the non-essential nature of the product they
produce, negative outlook. We obtained L-shape recov-
ery for the stocks with φ < 0. However, in a few stocks,
we obtained V-shape recovery even with φ < 0. Such
recovery happens in these stocks due to the overall pos-
itive sentiment of the sector during the pandemic. The
study of the model with the sentiment parameter may be
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FIG. 5. Plot (a) shows the original stock price movement of
TATA MOTORS Ltd (−OD) and its corresponding model
simulated stock price movement (− − SD) with φ = −0.077
and TS = 20 D. Similarly, plot (b) shows the original stock
price movement of BPCL (−OD) and its corresponding model
simulated stock price movement (− − SD with φ = −0.052
and TS = 20 D).
interesting.
C. Time scale Analysis
The empirical mode decomposition (EMD) technique
is applied to identify the important TS and TR of stock
during the COVID-19 [49, 50]. The EMD technique de-
composes a signal into a number of intrinsic mode func-
tions (IMF) of different time scales by preserving the non-
linearity and nonstationarity of a time series [51]. The de-
tailed algorithms for identifying the IMF using the EMD
method is given in Ref. [39, 49].
The range of a time period of a particular IMF can
be obtained using τ =
1
ω
, where ω =
dθ(t)
dt
. The ω
of a particular IMF can be estimated by using Hilbert
Transform, which is defined as
Y (t) =
P
pi
∫ ∞
−∞
IMF (t)
t− t′
dt,
where P is the Cauchy principle value, and θ(t) =
tan−1
Y (t)
IMF (t)
[49]. We have applied EMD based Hilbert
Huang Transformation to obtain the τ of the stock data.
We have identified the τ of the Nifty Pharma and Nifty
FMCG index as quality stocks, and their model simulated
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FIG. 6. Normalised original data (OD) of Nifty Pharma and
its IMF and residue obtained using empirical mode decompo-
sition (EMD) technique.
data during the COVID-19 shock. The data were taken
from [52, 53].
Fig. 6 shows the IMF of the Nifty Pharma index es-
timated using the EMD technique. The series is decom-
posed into four IMFs and a residue. Fig. 6 shows the vi-
sualization. IMF1 represents the signal with the lowest
τ , and the τ increases with the increase in IMF numbers.
The residue represents the overall long-term trend of the
index. Each IMF represents a mono-frequency compo-
nent of the stock data.
In order to identify the τ of the COVID-19 shock and
subsequent recovery of the quality stocks, we have first
identified the dominant IMF that fits the event as fol-
lows. We have calculated the correlation coefficient (ν)
between the original stock price and its IMFs and model-
simulated stock price and its IMFs. We have also cal-
culated variance (σ2) of the IMFs as shown in Table I.
The value of ν measures the relationship between the in-
dividual IMF and the stock price. Whereas, the value
of σ2 measures the volatility of each IMF. From the Ta-
ble I, the values of ν and σ2 shows that the IMF4 is the
dominant mode for the original pharma and FMCG in-
dex and their model simulated data. All the four IMF4
modes along with their time series are shown in Fig 7 (a),
(b) (c) and (d), respectively. The average τ of the IMF4
for the pharma, FMCG index and simulated pharma and
FMCG are approximately 57 D, 56 D, 58 D and 58 D,
respectively. Vertical lines in the figure show the bottom
formation due to the COVID-19 shock. All the IMF4
shows that TS and TR are almost equal. For the pharma
and FMCG stocks TS ≈ TR ≈ 14 D.
We have obtained that the TS ≈ TR for all the quality
stocks that show V-shape recovery. In Indian market, the
average value of τ ≈ 50 − 72 D for the stocks show V-
7TABLE I. Measures of Correlation Coefficient (ν) between original data (OD) and its IMFs and model simulated data (SD)
and its IMFs. Variance (σ2) has been calculated for the IMFs of OD and SD.
IMF NO.
Pharma index FMCG index
Original stock price Model simulated stock price Original stock price Model simulated stock price
ν σ2 ν σ2 ν σ2 ν σ2
IMF1 0.1456 0.00008 0.0928 0.00027 0.2681 0.00016 0.0237 0.00016
IMF2 0.057 0.00016 0.3633 0.0011 0.1394 0.00077 0.2965 0.00047
IMF3 0.4219 0.0022 0.3604 0.00024 0.5159 0.0017 0.2965 0.00022
IMF4 0.7394 0.0016 0.8384 0.0027 0.7475 0.0013 0.8707 0.0019
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FIG. 7. Plot (a) shows the original data (OD) of Nifty Pharma and its dominant IMF (IMF4). Plot (b) shows the model
simulated data (SD) of Nifty Pharma and its dominant IMF (IMF4). Plot (c) shows the original data (OD) of Nifty FMCG
and its dominant IMF (IMF4). Similarly, plot (d) shows the model simulated data (SD) of Nifty FMCG and its dominant IMF
(IMF4).
shape recovery, whereas in the US market τ ≈ 50−80D.
It is pertinent to mention that there is no dominant mode
present in the case of L-shape recovery.
IV. CONCLUSION
In this paper, we have formulated a model of the stock
price movement during the COVID-19 shock and its sub-
sequent recovery. The simulation is carried out assum-
ing that during shock, the price crashes due to the fund
outflow from the market, and does not depends on the
financial antifragility (φ) of a company. Whereas, the
recovery of the stock price depends on the fund inflow
towards a particular company or sector depending on φ.
The model simulates the stock price for different TS and
different φ using synthetic normalized net fund flow. The
model reproduces the stock price movement during the
pandemic very well. We have also identified the TS and
TR from the model and original data using EMD based
Hilbert Huang Transformation.
We obtained V-shape recovery of the quality stocks
with positive φ using synthetic normalized net fund flow
(Ψst). The stock price recovers very well to its pre-shock
value for the TS = 20 D and 40 D with fixed φ = 0.4.
However, when the TS extends beyond 60 D, it becomes
difficult for the stock price to recover to its pre-shock
price. We also obtained the V-shape recovery for φ =
0.3, 0.4, 0.5 and 0.6 with fixed TS = 20 D. The stock
with a higher φ outperforms its peer with a lower φ after
crises. Such performance in the stock price of certain
quality stocks have been observed during the COVID-19
pandemic. In the case of the financially stressed stocks,
i.e., with negative φ, we obtained L-shape recovery of the
stock price, and such stocks show higher negative depth
in stock price with an increase in TS . As the value of φ
decreases, the duration of TS increases that have been
observed in several stocks during the pandemic.
We obtained V-shape recovery from the model using
the normalized net fund flow Ψt. In this simulation, we
have used the average value of φ of the Pharma and
FMCG. The simulated results are consistent with the
8original stock price movement of the Pharma and FMCG
sectors during the COVID-19 shock. On the other hand,
for the companies with negative φ, the model perfectly
matches with L-shape movement of price.
Finally, we obtained that the TS and TR of a quality
stock during the COVID-19 is approximately equal. On
the other hand, the companies with φ < 0 is yet to re-
cover. The value of TS and TR for different sectors will be
useful for making an investment decision. We observed
that for some sectors like the banking where φ > 0, it
still shows L-shape recovery. Such recovery depends on
various other factors which will be studied in future work.
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